Abstract: Archaeology provides a long-term framework to document prehistoric resource use and habitat modification. Excavation at Nu'alolo Kai, Kaua'i, yielded a large, well-preserved shellfish assemblage. Analysis determined the susceptibility of mollusk communities to human foraging pressures in the past. Some coral reef and intertidal species, such as Turbo sandwicensis and Strombus maculatus, declined in abundance as a result of heavy exploitation. In contrast, shoreline mollusk communities remained fairly stable through time. Archaeological research provides baselines for modern conservation efforts and fisheries management.
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The oceans in their expanse over the globe provide over 99% of the habitable environment for life on our planet (Woodward 2000) . Yet even this vast and once believed inexhaustible ''last frontier'' has suffered from cases of overexploitation, depletion, and even ecological collapse. With concerns of impending catastrophe, Woodward (2000) noted that marine biologists are frightened by the scale and complexity of the emerging crisis. Human influences are widespread, but the greatest impact has occurred in nearshore and coastal zones (0-50 m in depth) in close proximity to the majority of the planet's human populations. Although many impacts are recent, Jackson et al. (2001:629) argued that in a number of cases, ''overfishing and ecological extinction predate and precondition modern ecological investigations and the collapse of marine ecosystems in recent times.'' Those authors pointed out the importance of historical data in better understanding the impacts of environmental disturbances, long-term human use, and postcolonial fisheries on marine ecosystems. Jackson (2001) and Jackson et al. (2001) showed how retrospective records from coastal ecosystems offer baselines that contrast with modern field studies. ''We cannot generate realistic null hypotheses about the composition and dynamics of ecosystems from our understanding of the present alone, since all ecosystems have almost certainly changed due to both human and natural environmental factors'' ( Jackson et al. 2001:630) .
Historical perspectives are essential not only for establishing baselines and providing a deeper view of ecosystem change, but also for constructing realistic models to serve conservation biology (Lyman and Cannon 2004) . Discerning modern trends in many species is often hindered by a lack of knowledge concerning prehistoric human impacts and other relevant factors that may have contributed to the current demography of these resources (Wing and Wing 2001, Butler and Delacorte 2004) .
In the Hawaiian Islands, catch records for the endemic shellfish 'opihi (Cellana spp.) show that since approximately 1900 humaninduced pressures from heavy fishing have led to a substantial decrease in the abundance of these shoreline fauna (Cobb 1905, Kay and Magruder 1977) . Consequently, legislation was developed in the late 1970s to enforce 'opihi fishing regulations (Hawai'i Department of Land and Natural Resources 1981) . However, these regulative measures have failed to take into consideration the longterm historical perspective offered by archaeology.
Here we develop a case study of human predator-prey relations for a marine ecosystem over the long-term historical frame provided by archaeology. Our research examines approximately 600 yr of shellfish exploitation from Nu'alolo Kai, Kaua'i, extending records of 'opihi and other mollusk species use centuries before historic documentation. We believe that zooarchaeological and paleoecological analyses are invaluable for properly modeling ecosystem change and habitat management (Lyman and Cannon 2004) . Analyzing an archaeological assemblage of shellfish from a dated, stratified context, we use foraging theory models to test hypotheses for human-induced resource change. By applying formal modeling developed specifically to examine spatial and temporal patterns in resource use, this study is able to gain finegrained resolution regarding habitat exploitation and human impacts.
Background
Over the past several decades, archaeologists, anthropologists, and others have written about indigenous societies as conservationists inhabiting pristine environments, or as agents of widespread impacts and wholesale habitat destruction (Kirch 1997, Smith and Wishnie 2000) . The latter perspective has recently been popularized and perhaps sometimes exaggerated (e.g., Diamond 2005) . A dichotomy of conservation and wholesale destruction oversimplifies the complexity of human predator-prey relationships in the historical context of marine environments.
Several studies provide evidence for the nature and extent of human impacts on marine ecosystems, including overfishing and its consequences (e.g., Hildebrandt and Jones 1992 , Butler 2000 , Grayson 2001 , Lyman 2003 , Erlandson et al. 2004 , Reitz 2004 , Steneck et al. 2004 ). In the Pacific Islands, Swadling (1976 Swadling ( , 1986 , Anderson (1981) , Kirch and Yen (1982) , Allen (1992 ), Butler (2001 , Thomas (2001 ), and McAllister (2003 , among others, have provided the details of fish and shellfish use, including cases of relative resource stability or depression and habitat structure modification. However, despite the importance of shellfish in traditional Pacific Island subsistence, few studies have addressed the question of human impacts, including resource depression, on shellfish populations in the past. Two recent studies by Thomas (2001 Thomas ( , 2002 show the promise of studying archaeological marine mollusk assemblages from Pacific islands. Documenting human predator-prey relations with these often-abundant, protein-rich resources has important implications for other aspects of subsistence change in the Pacific islands.
Evolutionary Ecology, Foraging Theory, and Resource Depression
As a theoretical framework, evolutionary ecology allows us to test predictions regarding human behavior in a variety of ecological contexts. Predictions are typically derived from formal optimization models. The logic of foraging theory and other evolutionary ecology models is based on fundamental concepts in Darwinian evolution (Pianka 1983) .
Foraging models are usually constructed in three parts: decisions, currencies, and constraints (Stephens and Krebs 1986) . Decisions are the alternative choices an individual faces while foraging, such as which resources should be pursued while others are ignored. Once an item is chosen for processing and consumption, other prey are excluded. In foraging theory, the decision component refers to criteria that are important to prey choice. Examples of these criteria are prey size, location, and ease of capture.
To evaluate the likelihood of alternative decisions, a currency must be added to the model as a measurement scale. The most common currency used in foraging models is net energy gained foraging ðRÞ, which can be expressed as the energy acquired from a prey item per unit of time spent foraging ðF t Þ. Foraging time equals the time spent search-ing for a prey ðT s Þ, plus the time spent handling the item ðT h Þ. For archaeological studies, Broughton (1994 Broughton ( , 2001 suggested that prey size can be used as an approximation for energy gained per item ðE f Þ. The currency rate ðRÞ can be expressed as:
Measuring foraging time directly in archaeological applications is impossible because search time ðT s Þ and handling time ðT h Þ cannot be observed. Anderson (1981) noted that for shellfish studies this does not present a substantial problem because mollusks are relatively immobile and usually processed using similar roasting methods. Consequently, individual foragers are likely to expend the same amount of energy searching ðT s Þ and handling ðT h Þ prey regardless of their species. If search time and handling time are assumed equal for all items, then the denominator of equation 1 is irrelevant and the new equation becomes:
Moreover, because an approximation for caloric energy gained per prey item ðE f Þ is the size of the prey, the currency rate ðRÞ is simply equal to the size of the resources. In many ecological and archaeological studies potential prey are ranked according to the energy returned upon consumption of the item. Although in most archaeological applications size is used as an approximation for energy gained per unit of time spent foraging, in many coastal contexts prey can potentially be captured en masse. When prey are mass captured, the acquired energetic unit becomes the group of items rather than the individual (Madsen and Schmitt 1998 , Nagaoka 2002 , Butler and Campbell 2004 , Ugan 2005 . Consequently, taking of prey items through mass-harvesting techniques may actually result in a higher harvesting return rate than when they are acquired individually. Changes in technology can also substantially affect harvesting rates by decreasing handling time and effort (Winterhalder 1981) and therefore should be assessed by looking at the faunal remains in combination with artifact distributions.
According to the prey choice model, foragers should include various prey types in the optimal diet breadth as long as those items have a net energy return ðRÞ greater than the average return rate of higher-ranked items. If the abundance of these items does not change and technological innovations do not occur, foraging return rates should remain stable. Because changes in prey choice are dependent upon the encounter rates of high-ranked items, when these items decrease in abundance foragers may choose a wider array of lower-ranked items and foraging efficiency will subsequently decrease.
Decreases in the encounter rates of highranked items may be caused by a number of factors. Environmental perturbations, such as climate change and natural and/or humaninduced habitat modification, can potentially affect the distribution of prey species, ultimately decreasing the encounter rates of high-ranked items (Byers and Broughton 2004, Wolverton 2005) . More-favorable climatic conditions may also lead to higher abundances of certain species, leading to an increase in foraging efficiency.
Human exploitation can result in declining prey encounter rates as well. Resource depression due to overexploitation occurs when diminishing high-ranked prey leads foragers to rely on smaller, more-diverse, less-profitable items (Grayson 2001) . To demonstrate adequately that changes in prey encounter rates were caused by human predation, it is necessary to rule out the possibility of either environmental change or new technologies as important factors. In coastal environments, sea-level fluctuations, coastal reconfigurations, and geomorphologic changes can depress mollusk populations (Butler and Campbell 2004; A.E.M. and E. E. Cochrane, unpubl. data) . In the absence of any well-documented paleoenvironmental records showing dramatic change for Nu'alolo Kai over the last 600 yr, we must assume that declining abundance is best explained by human foraging rather than environmental factors.
Archaeological Case Study from Kaua'i . Morrison and Hunt Prey species are often located in spatially distinct clumps, referred to as patches (or habitats). Increased hunting within resourcerich habitats can result in declining prey abundance and greater foraging effort in lessprofitable areas. The patch choice model and the marginal value theorem predict that as productive habitats decrease in overall prey return rate, foragers will begin using lessproductive areas (Charnov 1976) . Consequently, the ratio of taxa from productive to less-productive habitats may indicate shifts in patch exploitation.
The prey and patch choice models provide some predictions for subsistence patterns. First, decreases in the abundance of largebodied prey and increases in smaller prey signify declining foraging efficiency. Because items with high energetic returns are likely taken upon encounter, an increase in relative abundance of less-profitable items signifies diminishing foraging return rates. At Nu'alolo Kai, tracking the relative relationship between large-bodied and small-bodied mollusk species is a useful method for measuring foraging efficiency. Consequently, if decreased foraging efficiency occurs, a general increase in the relative abundance of small-bodied mollusks should be quantifiable.
Second, as foraging efficiency declines substantially, the diet breadth may widen enough that pursuing lower-ranked items upon encounter becomes advantageous. In this situation the subsistence routine expands to include a more-diversified, generalized diet. However, it is possible that foraging efficiency may decline without leading to changes in diet breadth, particularly in situations where processing and harvesting lowerranked items do not result in a high mean return rate. In the study reported here, richness and evenness analyses were used to assess changes in diet breadth at Nu'alolo Kai. Finally, declines in foraging efficiency may lead to the inclusion of lower-ranked habitats where smaller-bodied mollusk species are found. According to the patch choice model (Charnov 1976, Orians and Pearson 1979) , if the mean foraging return rate of high-ranked habitats decreases extensively, patches that were formerly less advantageous will be foraged more often.
materials and methods
The Nu'alolo Kai Excavation Nu'alolo Kai is located along the north shore of Kaua'i Island (Figure 1 ) in close proximity to a highly productive marine ecosystem that includes a fringing coral reef community.
At Nu'alolo Kai there are several archaeological sites attesting to the location's longterm prehistoric occupation. In particular, ancient constructed terraces protected by a massive rock overhang have been the focus of extensive archaeological research. From 1958 to 1964, Kenneth Emory and his associates conducted large-scale excavations and recovered thousands of well-preserved artifacts (see Graves et al. 2005 for an overview). Although these finds are important, the standards of excavation were not the same as those today, and many of the assemblages, including some shellfish, present problems for any quantitative analyses. In an effort to recover comparable materials under modern excavation and collection standards, one of us (T.L.H.) directed fieldwork at Nu'alolo Kai in 1990 (see Hunt 2005 for a summary).
In 1990 T.L.H. excavated a 2 by 1 m unit at Site K3 in an area not previously excavated (details provided in Hunt 2005) . Excavation yielded an abundance of shell, other fauna, and macrobotanical remains, as well as an abundance of artifacts. A.E.M. identified and analyzed the shellfish assemblage reported here. The 1990 excavations also resulted in a new suite of radiocarbon dates. T.L.H.'s excavation offers the possibility to understand temporal patterns in mollusk use because of the large amount of shellfish remains, the excellent preservation, and the chronological control. New research can provide a deeper understanding into this remarkable archaeological deposit.
Chronology
Five samples of wood charcoal submitted from the deepest levels of Emory's early ex- cavations have suggested to some a chronology of occupation at Nu'alolo Kai that began in the twelfth century (Kirch 1985) . However, concluding that the rockshelter dates to the twelfth century places great faith in a single radiocarbon date (GaK-1343, 840 G 70 B.P.). As Hunt (2005:253) pointed out, many would reject this date because it has never been replicated in additional dates from similar stratigraphic context of the same deposit. Four other radiocarbon determinations from the deepest cultural context of the deposit overlap at one standard deviation, placing the earliest occupation of Nu'alolo Kai Rockshelter between about A.D. 1300 to 1500 (calibrated [see Hunt 2005] ).
From the fieldwork of 1990 T.L.H. selected four wood charcoal samples from secure stratigraphic contexts (Figure 2 , Layers X and XI) and submitted them to Beta Analytic. The results provide a chronology that suggests that initial occupation at Nu'alolo Kai began around cal A.D. 1400 (with materials in Layer XI). The age of Layer X (three dates) may extend to cal A.D. 1600 or later. The dates for Layer X suggest that the remaining layers of the deposit formed over a period of about 200 yr. Historic artifacts of Layers IV-V represent the beginning of effective European contact, in this area of Kaua'i, probably after A.D. 1800. In sum, the chronology of occupation at Nu'alolo Kai may have an early beginning at around A.D. 1400, but much of the cultural deposit dates to later times (after A.D. 1600 [ Table 1 , Figure 3] ).
Aggregation and Sample Size
In the 1990 Nu'alolo Kai excavation, 11 stratigraphic layers were excavated in arbitrary levels to provide minimal analytic units for analysis (Table 2) . Although fine-grained temporal divisions would have been ideal, several issues regarding sample size emerged. Analyses looking at the diversity of species and the relative proportions of prey items may be seriously affected by differing sample sizes (Grayson 1984) . For example, measures of relative abundances are often strongly correlated with the size of the subsamples from which they were derived. This is particularly true when the assemblage is dominated by small and dramatically varying sample sizes. When aggregated by natural stratigraphic layers, sample size is positively correlated with relative abundance in several important mollusk species. For example, as the size of the sample increased, so did the relative abundance of Turbo sandwicensis (r s ¼ :909 sig < .000) and Nerita picea (r s ¼ À0:836, P < :001). To solve this problem, we combined samples from aggregations of layers to form assemblages (analytical units) of near equal sizes. Combining these layers into larger assemblages decreased the significant correlation (Turbo sandwicensis r s ¼ 0:5, P ¼ :667; Nerita picea r s ¼ 0:5, P ¼ :667). Although analyzing each layer independently would have created a greater number of comparative points, the strong positive correlation between sample size and prey relative abundance would have limited the reliability of our results and obscured the cause of these patterns. A potential drawback when collapsing stratigraphic layers into larger analytic units is that the analyst must rely on fewer data points for comparative analyses. This can be problematic when assessing trends on a quantitative scale. However, we opted for greater confidence in our results at the expense of a large number of comparative units. The final analytic units are listed in Table 3 and these correspond to the temporal designations shown in Table 1 .
Comparative Indices and Resource Depression
To test the hypothesis that foraging pressure resulted in resource depression we first compared changes in the amount of large-bodied versus small-bodied prey items within each of two habitat types. In this paper we use comparative indices to track these relationships. X large taxon . X ðlarge taxon þ small taxonÞ ð 3Þ
Nagaoka (2002) employed comparative indices in her study of New Zealand foraging patterns. Index values simply turn the ratio of a large to small-sized taxa into an easily tractable number between 1 and 0. High index values (close to 1) reflect higher proportions of larger items, and a smaller index value indicates decreasing foraging efficiency (Nagaoka 2002) . Using an assemblage from the Shag Mouth site, Nagaoka documented a decrease in the moa-quail index from 1.0 at level 10 to 7.5 later in the sequence. Thus, as large moa were declining, smaller quail were being taken more often. 
Patch Classification
A limitation of the prey choice model is the assumption that all prey items are searched for simultaneously. However, in many circumstances, foragers allocate time in specific patches and therefore do not search for all available prey species in the environment at one time. Smith (1991) suggested that to solve this problem it is necessary to apply the prey choice model within patches. This creates the possibility for analyzing encounter rates within spatially distinct habitats. For Nu'alolo Kai, we used two habitat classifications based on prey locations: the shoreline and coral reef patches (Tables 4 and 5 ). The statistical methods used in the analysis consist of Spearman Rank Order Correlation Coefficient, which is a nonparametric test applied to ordinal data. This test is commonly applied to archaeological data that are ordinal rather than interval, small sample sizes, or not normally distributed.
We also used Cochran's test of linear trend to test for a significant tendency in the relationship between large-and small-bodied prey. Cochran's test for linear trend is a chisquare test comprising three components: a traditional chi-square test that tests the overall relationship between the two variables, the variation as a result of a linear trend, and the departure from the linear trend.
results

Foraging Efficiency in the Coral Reef Patch
When compared by prey size, Turbo sandwicensis is the largest coral-reef taxon, with an average size of 90 mm (Severns 2001) . In contrast, another abundant yet smaller prey item is Strombus maculatus, which has an average size of 32 mm (Severns 2001) . If foraging efficiency declined in the coral reef patch there should be a measurable decrease in the relative relationship between Turbo sandwicensis and Strombus maculatus, indicated by declining index values. Figure 4 demonstrates a decrease in the proportion of the large Turbo sandwicensis relative to the smaller Strombus maculatus (X 2 trend ¼ 1,739.1, P < :001). Weight measurements also support this conclusion, with a substantial decrease in Turbo sandwicensis across the three analytic zones (Table 6 ).
The archaeological evidence suggests that initially within the coral reef patch, foragers were relying predominately on Turbo sandwicensis to the near exclusion of other taxa. Over time Turbo sandwicensis declined substantially, and Strombus maculatus increased during the late prehistoric period and remained fairly stable. The decreasing index values are indicative of a decline in foragers relying on Turbo sandwicensis.
Foraging Efficiency in the Shoreline Patch
Of the two patches, shoreline mollusks are the smallest, with most of the represented taxa having a mean size of under 15 mm. Thus, judging by prey size alone the shoreline patch appears to have the lowest overall foraging return rate of the two habitats in this analysis. The limpets Cellana spp. ('opihi) are the largest prey species in the shoreline habitat (Kay 1979) . In contrast, Nerita picea is a smaller prey, with a mean size of 14 mm.
The index values for the shoreline patch do not suggest resource depression (Figure 5). Foraging return rates remained fairly stable through time. There is only a very slight drop in the index value during the late prehistoric period. A lack of evidence for resource depression is also supported by weight measurements (Table 7 ). As Table 5 shows, all but one shoreline species increase dramatically up until the protohistoric period. The increase in the prevalence of shoreline species correlates with a decrease in important coral reef taxa, such as Turbo sandwicensis and Strombus maculatus. Based solely on the prey choice index analyses from the coral reef and shoreline habitats, it appears that by the late prehistoric period, resource depression had occurred in the coral reef patch. However, because temporal patterns in habitat use are closely tied to both the productivity of the habitat being foraged and the productivity of nearby habitats, it is important to look also at the relative contribution of prey species by habitat.
Evaluating Changes in Habitat Use
As foraging efficiency within a given patch declines to a point equal to or below the return rate for other exploitable patches, habitats will be added into the subsistence routine (Charnov 1976 , Broughton 2001 , Nagaoka 2002 . At Nu'alolo Kai this should be reflected in a shift from foraging in the coral reef patch to the shoreline habitat. To test this hypothesis it is useful to create comparative indexes between items that are found in each habitat.
X ðcoral reef taxaÞ . X ðshoreline þ coral reef taxaÞ ð 4Þ
The results from the patch choice analysis demonstrates that foragers relied substantially on the coral reef patch during the prehistoric and late prehistoric period, and then began more use of the shoreline patch during the protohistoric period (Figure 6 ). Cochran's test for linear trend supports this conclusion (X 2 trend ¼ 4,071.98, P < :001). Both the prey and patch indices suggest a decrease in the use of the coral reef patch. Accordingly, the shoreline patch appears to have been utilized substantially more by the protohistoric period. All but one shoreline species increased in abundance. Consequently, the use of the shoreline patch was relatively stable through time. To provide more corroborative evidence for the trends measured by the prey and patch choice analyses, we also analyzed temporal patterns in assemblage diversity. Diversity measurements document changes in the number of taxa in the diet breadth as well as measure the proportional contribution of individual taxa to the entire assemblage.
Prey Diversity and Foraging Efficiency
Archaeologists commonly use two different means for measuring prey diversity. The first tracks the expansion of diet breadth by comparing the number of taxa (NTAXA) by time period. A more-diversified, generalized diet breadth should show an increase in NTAXA. The second measure of prey diversity is evenness. Evenness is a more-sophisticated measure because it quantifies the proportional relationships among species, rather than focusing simply on the number of taxa present.
The total assemblage shows evidence for increased taxonomic richness during the protohistoric period (Figure 7 ). Both the prehistoric and late prehistoric deposits contain 17 taxa, but the protohistoric deposits include 28 taxa. To determine if expanding diet breadth is a general trend or occurs only within distinct habitats, we also assessed taxonomic richness for both the shoreline and coral reef patches.
The evidence from the coral reef patch supports the trend from the entire assemblage (Figure 8 ). During the prehistoric and late prehistoric periods diet breadth was relatively stable. However, in the protohistoric deposits there is an increase in NTAXA from 9 to 16 items. The NTAXA assessments from the shoreline patch document a different trend (Figure 9 ). Diet breadth in the shoreline patch begins with seven prey items and then drops to five during the late prehistoric. By the protohistoric period there are seven items present again. Accordingly, diet breadth did not change substantially in the shoreline patch.
Measurements of NTAXA are limited because they do not reflect the contribution of individual taxa to the entire assemblage. For example, the inclusion of more species into the diet is evidence for an expanding diet breadth, but no details on the relative contribution of specific taxa are taken into consideration. An assemblage dominated by a few abundant taxa will have a low measure of evenness. In contrast, when all taxa are present in near-equal amounts, the assemblage is considered highly even. Measurements of evenness can supplement diet breadth analysis by offering researchers the ability to track the relative importance of specific species through time. As diet breadth expands to include new items, it is necessary to look at the contribution of these taxa to the assemblage.
In many ecological and archaeological studies Shannon's Index is used to calculate evenness (Grayson 1984 , Claassen 1998 , Grayson and Delpech 1998 , McAlister 2003 ). Shannon's Evenness Index ðEÞ is calculated as:
ðwhere p i is the proportional contribution of each itemÞ ð 5Þ
The corresponding value will be between 0 and 1. A value of 0 demonstrates an assemblage with only a single taxon present, and a value of 1 indicates that all items are represented in equal amounts. In contrast to the indices used for measuring prey choice, an increase in evenness (and consequently evenness index values) indicates resource depression. Because large prey items are declining in abundance, the assemblage will incorporate a higher number of small less-profitable taxa. The result will be a more even assemblage. When the entire shellfish assemblage is taken into consideration, evenness increases significantly through time (r s ¼ 1:00, P < :001 [ Figure 10] ). However, as with NTAXA, it is useful to calculate evenness indices based on separate habitat types to gain spatial clarity.
The evenness index values for the coral reef patch are similar to the results from the entire assemblage (Figure 11 ). There is a general trend toward increasing evenness through time (r s ¼ 1:00, P < :001). In contrast, the shoreline patch is stable, with evenness values fairly similar in all three zones (r s ¼ 0:5, P ¼ :667 [ Figure 12] ).
A principal limitation of the use of evenness indices is that similar index values do not necessarily reflect similar resource use patterns. It is possible that proportional relationships between taxa stay the same while the taxa representing those proportions change (Nagaoka 2001) . Analysis of prey rankings and relative abundances are necessary for a finer understanding of resource exploitation patterns. Inspection of the absolute abundances and comparative indices given here supports the results of the relative abundances and provides conclusive evidence for the trends discussed in this paper (Table 8) .
Inspection of the relative shellfish abundances reveals a number of important trends. First, the high-ranked Turbo sandwicensis decreases in abundance over time. Moreover, as Turbo sandwicensis decreases, other smaller, less-profitable prey increase. This is apparent in an increase in Strombus maculatus during the late prehistoric period. Moreover, both shoreline taxa Cellana spp. and Nerita picea also increase, but the coral reef species decrease.
Finally, the relative abundance measurements support the diet breadth and evenness analyses. For example, inspection of the proportional contribution of the five most common species demonstrates an increasingly greater contribution of other taxa to the total assemblage. The total percentage value for these five items decreases from 94.9% during the prehistoric to 84.5% during the protohistoric. Moreover, the relative percentage contribution of these prey items becomes more even through time.
discussion
The role of shellfish in the diet of past coastal dwellers has been the subject of debate among archaeologists (Yesner 1984 , Claassen 1986 , 1998 , Erlandson 1988 , Glassow and Wilcoxon 1988 . In particular, the ability for mollusk species to sustain high-density human populations has received considerable attention in past years. For example, Claassen (1986 Claassen ( , 1998 challenged the assertion that human predation led to substantial impacts on mollusk environments, except in cases of heavy exploitation in rocky shoreline habitats. In contrast, Swadling (1976 Swadling ( , 1986 , Botkin (1980) , Anderson (1981) , Jerardino (1997) , Thomas and Mannino (1999, 2001 ), Thomas (2001, 2002) , and Thomas (2001) argued that sustained human exploitation can indeed severely affect mollusk populations. The results from Nu'alolo Kai complement those studies by providing evidence for human impacts on coral reef species while demonstrating stability in the use of shoreline mollusk communities.
In the coral reef habitat, the large Turbo sandwicensis decreased relative to the smaller Strombus maculatus, suggesting that as the encounter rate of T. sandwicensis declined, foragers relied more on smaller, abundant prey. A similar trend was also documented by Raab (1992) , who used foraging theory to explain a shift in the exploitation of Haliotis spp. by inhabitants of San Clemente Island in southern California. Haliotis spp. or abalone are large mollusks that can be easily acquired. In contrast, Tegula spp. are smaller and more diffi- The diversity analysis from Nu'alolo Kai also demonstrates a general expansion of diet breadth by the protohistoric period. The number of taxa (NTAXA) foraged and evenness for the entire assemblage increase significantly through time, indicating a morediversified diet relying less on large mollusk species and more on an array of smaller prey. Similarly, at Palliser Bay, New Zealand, Anderson (1981) found that heavy predation pressure during prehistory led to a shift from a more-specific subsistence strategy focused on large shellfish species to wider diet breadth including smaller shellfish. Botkin (1980) studied changes in the relative importance of Mytilus californianus and Protothaca staminea at the Malibu site along the southern California coast by looking at differences in the natural distribution and harvesting techniques of the two species. He reasoned that because M. californianus has a lower procurement cost and larger size than P. staminea it should dominate the earlier deposits. The archaeological evidence demonstrates that M. californianus was indeed heavily foraged during the early occupation period. A reversal in the relative abundance of these two species in later archaeological deposits suggests resource depression and overuse of M. californianus.
At Nu'alolo Kai, we assume that Turbo sandwicensis and Strombus maculatus had similar handling and procurement costs because there is no conclusive evidence to suggest that harvesting technologies were different for the two mollusk species. As a result, prey size at Nu'alolo Kai continues to be the best indicator of energetic return. Because harvesting technologies affect the overall return rate by decreasing energy spent acquiring and preparing items, capture and procurement techniques can ultimately have an effect on energetic return. Madsen and Schmitt (1998) suggested that researchers should pay more attention to technological innovations developed for the mass capture of smallbodied prey. Jones (2004 Jones ( , 2006 also noted that capture methods can affect the return rate of certain animals. In her archaeological study of prehistoric European rabbit (Oryctolagus cuniculus) hunting, Jones showed that the mass capture of rabbits through the use of warrens might have substantially increased the energetic return rate of these prey items.
Current research on the distribution of bird bone artifacts at Nu'alolo Kai (Esh 2005 ; K. S. Esh and A.E.M., unpubl. data) will prove useful for better understanding the relationship between technological innovation and the exploitation of certain marine species. In the past, bone artifacts have been interpreted as tools for extracting the fleshy meat of shellfish prey (Kirch 1985) . If changes in the presence of bone tools can be securely tied to the extraction of mollusk meat, then the expansion of this technology may have increased the foraging return rates of less easily procured species. Research on these dynamic processes is needed to assess the relationship between Polynesian subsistence economies and the technological innovations documented by artifact distributions.
Recent ethnoarchaeological research on shellfish procurement processes and transport by Bird and Bliege Bird (1997, 2000) and Thomas (2002) highlights the potential biases when using the archaeological record to compare relative abundances of large and small mollusk species. Bird and Bliege Bird (1997, 2000) showed that among contemporary Meriam foragers of the Torres Strait, Australia, large mollusk species with low processing costs tend to be handled in the field to decrease travel time. In contrast, many smaller species with high procurement costs are often taken back to a base camp for processing (Bird and Bliege Bird 1997) , and when children forage there is an increase in the number of small species gathered (Bird and Bliege Bird 2000) . Thomas (2002:191) also suggested that ''because resources often contain parts of high and low utility, other foraging models, such as prey choice, may not anticipate variability in archaeological assemblages: the mismatches between behavior and its archaeological correlates.'' Although we are in agreement with Bird and Bliege Bird (1997, 2000) and Thomas (2002) , we suggest that the problems associated with the nature of archaeological material do not negate the usefulness of foraging theory in the Nu'alolo Kai assemblage. Bird and Bliege Bird's research indicates that biases created by child foraging and differential field processing would create a more stable frequency of lower-ranked resources to higher-ranked ones. In contrast, ''if intensification accounts for the differences, over time the introduction of lower ranked prey in the assemblage should correlate with a depression in higher ranked resources'' (Bird and Bliege Bird 2000:472) . Mannino and Thomas (2002:458) also noted that Bird and Bliege Bird's model ''could account for the species composition of the latter midden deposits studied by both Anderson (1981) and Raab (1992) , although it cannot explain why higher-ranked species dominated the earlier phases. '' In our analysis we suggest that changes in the Nu'alolo Kai assemblage are more adequately explained by foraging intensification and resource depression rather than differential field processing, although the two are not mutually exclusive (see Cannon 2003) . First, because we take multiple lines of evidence into consideration when testing for resource depression, we avoid the problems of making general conclusions based on the relative relationships of large-and small-bodied mollusks alone. Second, although documenting patterns in the largest and highest-ranked shellfish taxa in the prehistoric diet would ultimately facilitate our understanding of the overall temporal changes in the assemblage, our analysis is based on relative relationships of prey items already in the diet breadth. It is hard to see how differential field processing could result in any of the trends documented in our assemblage. For example, we demonstrate a significant decline in the abundance of the large gastropod Turbo sandwicensis correlated with an increase in the presence of the small Strombus maculatus. Differential field processing could indeed account for the increase in Strombus maculatus but fails to provide insight into the decreasing abundance of Turbo sandwicensis.
The changes demonstrated in the Nu'alolo Kai shellfish assemblage point to a few important issues. First, it seems likely that human-induced resource depression in the coral reef patch led to an increased use of the shoreline patch simply because the distribution of coral reef species declined and foragers exploited new areas and species. However, an alternative explanation is that gathering shoreline species may have required less time investment because of close proximity to habitation areas as well as their susceptibility to mass capture. Moreover, coral reef foraging may have been abandoned in favor of shoreline harvest to allocate more time to gardening and terrestrial resources. Allen (1992 Allen ( , 2002 argued on Aitutaki, Cook Islands, that when productive land became scarce, offshore fishing may have decreased to allocate more time to protecting agronomic plots, which included domesticated animals and gardens. A similar explanation might account for the switch from coral reef to shoreline harvesting at Nu'alolo Kai.
The trends documented in the Nu'alolo Kai mollusk assemblage are also important when viewed in combination with other predator-prey studies from the Pacific islands. A number of archaeological analyses have documented long-term human exploitation of nearshore reef fishes and mollusks that in many instances led to measurable environmental impacts (e.g., Swadling 1976 , Anderson 1981 , Spennenman 1987 , Allen 1992 , Kirch et al. 1995 . It is probable that the decline in marine resources documented by those studies is also closely connected with other temporal changes in the overall Pacific island subsistence economy.
conclusion Evidence from our excavation and analysis at Nu'alolo Kai suggests that mollusk species, like other nearshore marine resources in the Pacific, were indeed susceptible to human overuse. Previous subsistence studies in Hawai'i and Polynesia have emphasized the importance of mollusks and other inshore marine species in prehistoric diets as well as the role of environmental variability in structuring resource use patterns (e.g., Kirch 1982 , 1985 , Dye and Steadman 1990 ). Yet little research has focused specifically on how mollusk use varied through both space and time. By separating mollusk taxa by habitats, we are able to distinguish which species and habitats were more susceptible to human exploitation, as well as provide important supplementary records regarding resource use predating historical fisheries catch accounts. Because modern conservation of mollusk species in Hawai'i continues to be an important concern for biologists (Gulko 2004 , Meadows et al. 2005 , our research has implications for applied habitat management.
Further studies on human impacts to nearshore environments in Hawai'i and elsewhere in the Pacific should also take into consideration long-term patterns in inshore and offshore fish use. Data from a number of studies elsewhere in Oceania suggest that fishing in general decreased through time (Allen et al. 2001 , Allen 2002 , Fitzpatrick and Kataoka 2005 . Currently, the timing and cause of this decline is not well understood; however it is plausible that overexploitation of wild varieties of shellfish and fish species might have led to increased dependency on more reliable and predictable terrestrial food resources (Kirch 1973, Fitzpatrick and Kataoka 2005) . Although substantive data to test this hypothesis are indeed lacking for Hawai'i, the ongoing development of prey and patch choice models integrating the entire spectrum of subsistence strategies practiced across the archipelago will enhance the opportunity to examine subsistence change with a welldeveloped theoretical framework.
Finally, the results of our study show that human exploitation of shellfish follows a complex trajectory that affected the marine ecosystem at Nu'alolo Kai. The changes we detect are relatively subtle, suggesting that human predation did not have dramatic consequences such as wholesale resource depletion, extinctions, or habitat destruction. The complexity of change also argues for variability in cases of human predation and the impacts. Thus, it would be naive to generalize across marine environments in the Hawaiian Islands; instead, detailed archaeological histories of ecological variation will be essential.
